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a b s t r a c t
We report an anorexic adolescent girl with an intermittent Brugada syndrome. A 14-year-old anorexic
girl with a body mass index (BMI) of 13.15kg/m2 was admitted in the acute state of the disease with
an ST elevation in V1 and V2, suggestive of Brugada syndrome. After 1 month of re-feeding, a control
electrograph (ECG) was normal, but after an 8-month follow-up control with a nearly normal BMI, the
ECGwasagain suggestiveofBrugada syndrome.Agenetic analysis of thegeneSNC5Aestablishedagenetic
change (p Leu 1582 pro), which provides the ﬁnal explanation for the Brugada syndrome. Every rhythm
problem in the acute state or during the re-feeding procedure deserves a strict follow-up to distinguish
iatrogenic from heritable rhythm problems.eight loss
atrogenic
<Learning objective: (i) We report the ﬁrst case of a patient with anorexia nervosa with an intermittent
Brugada syndrome. (ii) Moderate hypothermia can decrease the depolarization of pacemaker cells and
cause ST-segment changes. (iii) Every rhythm problem in the acute state or during the re-feeding proce-
dure deserves a strict follow-up to distinguish iatrogenic from heritable rhythm problems. (iv) A genetic
analysis can make the distinction and is necessary to give advice for the future lifestyle of the patient.>
© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.ntroduction
The most common rhythm disorders in the anorexic popula-
ion are extremebradycardia <50bpmwith a prolongedQT interval
15–40%) and sudden death in up to 10%. Other electrograph (ECG)
bnormalities seen in these patients are low voltage of Pwaves and
RS complexes, prolonged QTc, rightward QRS axis, non-speciﬁc
T-Tchanges, and thepresenceofUwaves. Less frequentareectopic
trial foci and second degree AV block Mobitz type I [1].
Minor T wave changes, such as T-wave inversion in V4 and T
attening, are also noticed.
STdepression isobserved inpatientswithanorexianervosawith
xtreme weight loss. The explanation of ST disturbances can be
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ttp://dx.doi.org/10.1016/j.jccase.2014.03.012
878-5409/© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights refound in the early repolarization and acidosis due to hypothermia.
Moderate hypothermia can decrease the depolarization of pace-
maker cells and cause ST-segment changes.
Case report
A 14-year-old girl with anorexia nervosa was admitted to the
department of eating disorders with a body mass index (BMI) of
13.15kg/m2 (weight: 35.8 kg and height: 165 cm) and aweight loss
of 26.94% in less than 6 months.
In the personal antecedents, she had no episodes of palpitations
or suspicious syncopes. She once fainted following a tooth extrac-
tion. In childhood shehad atopic eczema and therewere no surgical
procedures or hospitalizations.
The girl has an older brother and a sister age 22 and 20 years,
respectively, and both had a syncope during a peripheral venous
blood sample. No other suspicious episodeswere noticed. Both par-
ents are ingoodhealth. The father is an intense sportsmanbutnever
had any syncope. In the other familymemberswe recorded neither
had syncope nor sudden death.
served.
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During the physical examination, a cachectic girl (BMI:
3.15kg/m2, core temperature: 34.9 ◦C) presented with the
ypical features of anorexia nervosa namely lanugo hairs, acro-
yanosis, hypotension (87/46mm Hg) and bradycardia 39bpm. A
yncope was not observed, neither chest pain and no medication
ere taken.
Routine blood chemistry (creatinine, blood urea nitrogen,
otassium, sodium, bicarbonate, magnesium and calcium) and
hyroid hormones were normal. There was a high ferritin level
258ng/ml) (N: 5.0–122ng/ml) and a slight elevation of the liver
ransaminases [aspartate aminotransferase (58U/L) (N: 10–30U/L),
lanine aminotransferase (128U/L) (N: 17–44U/L)] and troponin I
.0039ng/ml (N: <0.0034ng/ml).
Creatinine kinase and lactate dehydrogenase levels were nor-
al. The levels of luteinizing hormone (LH), follicle-stimulating
ormone (FSH), and insulin-growth factor-1 were low.
In the acute phase, an ECG together with a 2-D-
chocardiography with Doppler was obtained.
The ECG showed ST elevation in V1, V2 and less in V3 (sugges-
ive of Brugada syndrome) (Fig. 1). The rhythm was 49bpm, axis
1◦, PR interval: 144ms, QRS: 114ms, QT: 422ms, and QTc 384ms.
chocardiography also showed a pericardial effusion of 0.9–1.1 cm
apex) and a decreased left ventricularmass/height2.7: 17.57g/m2.7
Magnetic resonance imaging of the heart conﬁrmed a moderate
ericardial effusion, end diastolic volume of 54.04ml, end-systolic
olume of 26.47ml, stroke volume of 1654.69ml, and an ejection
raction of 51% (Fig. 2).
Compatible with the bradyphrenic character of the patient,
agnetic resonance imaging of the brain showed “cere-
ral atrophy” in the frontotemporal and cerebellar region
Fig. 3).
ECG at rest of both parents was normal. After 1 month of slow
e-feeding BMI: 13.7 kg/m2 (to prevent the re-feeding syndrome),
here was a normalization of the ECG with no ST elevation in V1
ig. 1. A 12-lead electrocardiogram – ST elevation in V1, V2 and less in V3. Rhythm: 49b
lectrocardiogram.Fig. 2. Magnetic resonance imaging of the heart: moderate pericardial effusion.
and V2 (Fig. 4). But after 8 months of re-feeding (BMI: 18.5 kg/m2)
(weight: 51kg and height: 166 cm), a control ECG demonstrated
Brugada syndrome again in V1 and V2 (Fig. 5).
Thepatientdidnot receiveany treatmentbuteducationandpre-
vention of arrhythmia via lifestyle awareness (avoidance of certain
medications, fever treated with antipyretics) was discussed with
the patient and her parents. A genetic analysis of the gene SNC5A
established a genetic change (p Leu 1582 pro), which provides an
explanation for the Brugada sequence. The mother had a normal
genetic analysis and a normal cardiologic examination. The father
refused any further cardiologic or genetic analysis.
pm, axis 11◦ , PR interval: 144ms, QRS: 114ms, QT: 422ms, and QTc 384ms. Type I
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gig. 3. Magnetic resonance imaging of the brain: “cerebral atrophy” in the fron-
otemporal and cerebellar region.
iscussion
This is the ﬁrst case of an anorexia patient with Bru-
ada syndrome. In the early follow-up after 1 month of
e-feeding, she had a normal ECG and we thought that extreme
eight loss and hypothermia were the explanation for the ST-
hanges. In the literature, we found several cases of a Brugada-like
lectrocardiography pattern induced by severe hypothermia [2,3].
he reason is that severe hyponatremia may be expected to have
he same effect by reducing inward sodium current [4]. There were
o electrolyte disturbances in our patient.
Instead of hypothermia, the association with fever and Brugada
yndrome is more known. Adler et al. [5] showed that Brugada
CGs are more (20 times more) prevalent during fever. Fever also
as a comparable preferred gender policy for the Brugada syn-
rome ECG and those patients with Brugada syndrome who have
loss of function SCN5 A mutation may exhibit a fever-sensitive
orm [6,7]. The mechanism remains unclear: one explanation is
hat the mutation alters the temperature sensitivity of fast inac-
ivation of the sodium channel [8], whereas other observations
ave shown that the temperature-dependent properties of the
ild-type sodium channel itself might lead to the typical Bru-
ada ECG during fever [9]. The same mutation was discovered in
Fig. 4. After 1 month of re-feeding: normlogy Cases 10 (2014) 81–84 83
our patient and although fever was not registered, but instead
hypothermia with a core-temperature of 34.9 ◦C was found in
the subject, we could consider that the mutation is temperature-
sensitive.
Because Brugada syndrome is more prevalent in men than in
womenwith an estimated ratio of 8–10:1 [10], an additional excep-
tion is our patient’s gender. The larger number of Brugada cases
in men has been explained by the presence of signiﬁcantly higher
density of Ito currents in males according to the repolarization the-
ory, although a second hypothesis suggests that testosterone may
be responsible for gender differences [11]. An explanation in our
patient could be acquired amenorrheic state in anorexics because
of their extreme weight loss (low LH, FSH levels). Matsuo et al. [12]
reported that in their study the Brugada cases had a signiﬁcantly
lower BMI and lower body weight. Estradiol and the female hor-
mones reduce the expression of Kv 4-3 channels, components of
the Ito channels [13]. In patients with low visceral fat, there are low
levels of insulin, leptin [14], as we observe in anorexic patients, so
these patients are more prone to have Brugada-like ECGs. In the
later follow-up period, precisely after 8 months of re-feeding, with
a nearly normal BMI of 18.5 kg/m2 we noticed again an ECG with
a Brugada-like sequence. With this intermittent appearance of the
Brugada syndrome, a genetic analysis was performed and provided
the ﬁnal diagnosiswith a genetic change (p Leu 1582 pro)mutation
in the SCN5A gene which encodes for the -subunit of the cardiac
sodium channel [15].
Brugada syndromewasnamed in1992after the Spanish/Belgian
cardiologists Pedro Brugada and Josep Brugada. The syndrome is
caused by ion channel abnormalities and is characterized by ST
elevation and negative T waves in the right precordial leads and
has a high incidence of sudden death [15,16]. This electrophysi-
ological disorder is produced by the dysfunction of a cardiac ion
channel involved in the generation of the action potential (AP)
in a structurally normal heart. Mainly two hypotheses are pro-
posed: the repolarization (channelopathy)hypothesis (1997)based
on rebalancing of currents at the end of phase 1 of the AP which
leads to accentuation of the AP notch in the epicardium of the right
ventricle [17,18]; and the depolarization hypothesis based on the
conductiondelay in the right ventricle outﬂowtract (RVOT) [19,20].
Brugada syndrome is sensitive to body temperature and can lead
to T wave alternans, ventricular tachycardia, and sudden death.
Nishida et al. [21] proved in an in vivo canine model that there is
a link between hypothermia and Brugada syndrome. They cooled
the epicardium of the RVOT which resulted in a Brugada-like ECG
pattern.
alization of the electrocardiogram.
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[ig. 5. After 8 months of re-feeding: body mass index: 18.5 kg/m2 again Brugada sy
The explanation of ST disturbances can be found in the early
epolarization and acidosis due to hypothermia. That is why in
atients with already mild hypothermia, a sinus bradycardia or
unctional bradycardia can be observed.
Moderate hypothermia can decrease the depolarization of pace-
aker cells so that ST-segment changes can be seen. In severe
ypothermia (body core temperature <32◦ C), atrial ﬁbrillation can
ccur and when the body temperature further decreases ventricu-
ar ﬁbrillation and sudden death can occur.
onclusion
To our knowledge, this is the ﬁrst case of an anorexic adolescent
irl wherewe supposed that the ST elevation in the right precordial
eadswas the result of her extremestarvationandhypothermia, but
er Brugada syndrome was shown to be inherited.
In Brugada syndrome, there is a high non-penetrance, so even if
er fatherwould have themutation (he refused further genetic and
ardiologic examination), this explained nothing about the dam-
ging nature. Only Type 1 ECG pattern is diagnostic of Brugada
yndrome [22].
Finally, we could say that every rhythm problem in the acute
tate in an anorexia patient deserves a good follow-up to distin-
uish iatrogenic from heritable rhythm problems.
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